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Prompted by the report of plasmids among MAIS clinical isolates [18] , we initiated a study to test the feasibility of using plasmid profiles as epidemiological markers. Our first objective was to determine the frequency of plasmid-carrying strains among large numbers of clinical and environmental isolates from three geographic areas (the Savannah River, the James River, and the Chesapeake and Delaware Bays). Further, we sought to examine the stability of plasmids under conditions encountered in routine laboratory culture and decontamination procedures.
We present data indicating that plasmid profiles will be useful markers in epidemiological studies of MAIS-associated diseases. Interestingly, of the environmental isolates we examined, aerosol isolates most closely resembled clinical isolates. This observation supports the belief that naturally occurring aerosols may be an important source of the mycobacteria that are responsible for human disease [8, 19] .
Materials and Methods
Clinical isolates. The clinical MAIS isolates used in this study were primary isolates obtained predominantly from the sputum of patients with suspected pulmonary infection. Seventy-four percent of the isolates were proved to be clinically significant. We obtained the isolates from Howard Gruft exposed to 1% (wt/vol) NaOH for 30 min, the concentration used in decontamination of water samples [1] . Each isolate was grown in 10 ml of MGE broth to mid-log phase (1 x 108 cfu/ml). One milliliter was transferred to each of two sterile tubes that were then centrifuged at 8,000 g for 20 min at 4 C. The supernatant from both pellets was discarded; one pellet was suspended in 10 ml of sterile water (control treatment), while the other pellet was suspended in 10 ml of 1010 (wt/vol) sterile NaOH. These suspensions were incubated at room temperature (ru23 C) for 30 min, the standard time for decontamination [1] , and then the NaOH was neutralized by dilution in 0.067 M potassium phosphate buffer (pH 6.5). Samples (0.1 ml) of the diluted suspensions were spread on Middlebrook 7H10 agar medium (BBL Microbiology Systems) containing 0.5% (vol/vol) glycerol and 10074 (vol/vol) OADC enrichment (see above) to determine the total number of viable cells remaining. Plates were incubated at 30 C for two weeks, at which time the colonies were counted and results were recorded. Percent survival was determined by dividing total viable count of NaOH-treated suspensions by total viable count of H20-treated cells and multiplying by 100. Additionally, in order to determine what effect NaOH exposure might have on plasmid profiles, single colonies from spread plates of plasmid-carrying isolates following NaOH treatment were inoculated into 10 ml of MGE broth. A total of 25 colonies were examined; five colonies were picked from plates after exposure of five different plasmid-carrying isolates to NaOH. The cultures were incubated at 30 C and plasmid isolations were performed as described previously [21] .
Statistical analysis. Means were compared by Student's t test, and proportions were compared by X2. Although some of these isolates appear to contain identical plasmids on the basis of molecular mass (e.g., strains 5S, VA310, VA2, VA10, and 4S all carry a 8.8-MDa plasmid), isolates with identical profiles were rarely encountered. We observed, however, that the plasmid profiles of aerosol isolates more closely resembled those of human isolates than did the profiles of any other environmental isolates (e.g., aerosol isolate 5S and human isolate VA310). Because identical mobility of plasmids in agarose gels does not prove identity, the mobility of plasmid fragments after digestion with restriction endonuclease [11] was examined. Unfortunately, because few isolates had identical plasmid profiles (e.g., water isolate W262 and chicken litter isolates CL25 and CL28 have identical profiles) and most plasmidcarrying MAIS isolates contained two or more plasmids (77 of a sample of 124), we were only able to compare the digestion patterns of a few MAIS isolates. For example, we observed a single 16.5-MDa plasmid in the following two M scrofulaceum isolates: a clinical isolate, strain TMC1312 (ATCC 35740, received from Dr. Jack Crawford as plasmid reference strain), and a Savannah River water isolate, strain SR353. Preparations of plasmid DNA from each isolate comigrated as a single band during agarose gel electrophoresis. Additionally, both plasmids showed identical patterns of fragmentation after digestion with the restriction endonuclease Xhol (figure 2).
The aerosol isolates were the only environmental isolates obtained that had not been subjected to NaOH decontamination [8] . Since some selective treatments have been observed to eliminate MAIS plasmids [24] or those of other genera [25] , we considered whether NaOH exposure might account for the lower frequency of plasmids among nonaerosol environmental isolates. Also, if the MAIS bacteria that carry plasmids are more NaOH-sensitive than plasmid-free MAIS isolates, decontaminated samples would be artificially enriched for plasmid-free mycobacteria. In table 2 are presented the results of a study designed not only to test the effect of a standard NaOH decontamination treatment [1] on plasmid profiles but also to determine the NaOH sensitivity of plasmid-carrying and plasmid-free MAIS isolates. There was no significant difference in the NaOH sensitivity of plasmid-carrying vs. plasmidfree isolates (t = 0.82; P> .4, df = 1). Additionally, no alterations in plasmid profile were detected after exposure of plasmid-carrying isolates to NaOH (table 2).
Discussion
Prompted by the report of plasmids in MAIS clinical isolates [18] , we initiated a study to test the feasibility of using MAIS plasmid profiles as epidemiological markers. Obviously, if plasmids are to serve as useful markers, it must be shown that they are common and inherited stably among clinical isolates. We have demonstrated that plasmids are frequently present in clinical MAIS isolates (table 1) . We have also shown that MAIS plasmid profiles are remarkably heterogenous (figure 1). Although we have a number of isolates that share similar plasmids on the basis of molecular mass, we rarely encountered two isolates with identical profiles. We have identified a number of plasmids that are common among MAIS isolates (for example, the 8.8-MDa plasmid shown in figure 1), and we hope to clone some of these plasmids. Once cloned, these plasmids could be used as probes to test for the presence of homologous sequences among a variety of plasmidcarrying MAIS isolates. To date, only a single MAIS plasmid has been cloned [26] . Digestion with restriction endonuclease could be used to test the identity of various MAIS plasmids, but because most isolates contain more than one plasmid (62070), this approach is not straightforward. Also, because some MAIS plasmids encode restriction-modification enzymes [24] , they may resist digestion by some restriction enzymes [26] . We were able, however, to demonstrate the identity of a 16.5-MDa plasmid isolated from human clinical isolate TMC 1312 and environmental isolate SR353 (both M scrofulaceum) by using digestion with restriction endonuclease. Strain SR353 was recovered from the Savannah River in 1980 [2] , whereas the human isolate (TMC 1312) was deposited in the Trudeau Memorial Collection nearly 30 years ago [23] . This finding provides evidence of plasmid stability and shows that similar plasmids are present in MAIS isolated from diverse locations. Though strains that have lost plasmids spontaneously [21] or after neutral acriflavine [24] treatment have been recovered, the frequency of loss is very low (<1 in 1,000). In our experience (authors' unpublished observations) plasmid elimination occurs very rarely and is limited to a few strains. In addition, changes in plasmid profiles of the majority of strains were never observed. Because human infection by MATS bacteria is believed to result from contact with the environmental sources of these pathogens [9] , we screened for plasmids among our collection of MAIS isolates from dust, soil, sediment, water, and aerosol samples. MAIS bacteria are pulmonary pathogens [9] , and recent reports have demonstrated that MAIS are present in naturally occurring aerosol droplets of sufficiently small size to penetrate the human lung [8, 19, 33] . On the basis of frequency of plasmidcarrying strains and profile similarity, we found that aerosol isolates more closely resembled human isolates than did isolates from the other environmental compartments we examined (figure 1). Plasmids are common among both human and aerosol MAIS isolates, but they are encountered less frequently among nonaerosol environmental isolates (table 1). These observations provide further evidence that MAIS in natural aerosols may contribute significantly to human colonization and disease. This conclusion is strengthened by the observation that a significant percentage of only human clinical and aerosol isolates are capable of growing without OADCenrichment and growing at 43 C (Fry, P. S. M., J. 0. F., unpublished observations).
It is unlikely that NaOH decontamination influenced the results. First, both clinical and environmental isolates have been exposed to NaOH during isolation. If plasmid-carrying MAIS were more NaOH-sensitive, the frequency of plasmid-carrying clinical isolates should be similar to that observed for environmental isolates. Second, there was no difference in NaOH sensitivity of plasmid-carrying and plasmid-free isolates (table 2; note, however, that these strains were not isogenic). We conclude that it is unlikely that the higher sensitivity of plasmidcarrying MAIS strains to NaOH decreased the percentage of such among only water, soil, and dust samples. Thus it is likely that fewer plasmid-carrrying strains exist in waters and soils compared with aerosols.
